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Abstract 
How to fuse different resolution images of the same target obtained by multiple sensors is very important 
in the field of image fusion. In this paper, a method of fusing different resolution images is proposed 
based on least mean square error (LMSE).The main idea of the algorithm is to transform the image fusion 
problem into a constrained optimization problem. Experimental results show that the proposed method 
exhibits a good performance.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
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1. Introduction 
 Image fusion refers to the process of combining multiple images of a scene into a composite image 
that contains a more useful description of the scene than provided by any of the individual source images 
and is more suitable for the purpose of human visual perception .Hence it plays important roles in many 
different fields such as medical applications, target detection, or biomedical imaging. The process of 
image information fusion can take place at either the signal, the feature, and the symbol level of 
representation. 
Recently, various image fusion methods assume the same resolution of the images to be fused. But in 
many cases, the resolutions of source images are different. So the study on the fusion of different 
resolution images has a broad background and practical application. A multi-resolution image fusion 
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based on least mean square error (LMSE) is proposed in [1]-[3]. Kalman filter has been introduced into 
multi-resolution image fusion in [4]. Both methods require the resolution of source images must be 
integer ratio. However this requirement can’t be satisfied in practical applications. A solution by 
designing a filter to the problem of fusing the resolution of source images with 3:5 scale ratio is reported 
in [5]. However, the method in [5] can’t be generalized easily. 
An improved any-resolution image fusion method that incorporates the least mean square error is 
proposed in this paper. The pixel in the coarser resolution image corresponds to information of multiple 
pixels in the finer resolution image. Without lowering the resolution of image, it can improve image 
resolution and reduce uncertainty by utilizing the information of coarser image to modify the finer image. 
We introduce the multi-resolution image fusion algorithm based on least mean square error in the Section 
2. Section 3 demonstrates some experimental results using the improved method. Concluding remarks are 
given in Section 4. 
2. Feature Extraction of Fused Images 
Without loss of generality, we introduce the fusion algorithm based on the two images which describe 
the same region from two different resolution image sensors. We assume an image with M N× pixels 
which has finer resolution and let ( , ), 1,2,..., ; 1, 2,...,i j i M j N= = and be the label of the image pixels, 
and
ijI  be the pixel value. Also assume the coarser image with 
' 'M N× pixels and let 
' ' ' ' ' '( , ), 1, 2,..., ; 1, 2,...,i j i M j N= = , be the label of the image pixels, and
' '
'
i j
I  be the pixel value. E
denotes the mean of image pixel values, V denotes the relative variance of image pixel value, and F
denotes the fused image. Thus, we have 
1 1
0 0( )
M N
ij
i j
I
E I
M N
− −
= == ×
∑ ∑
          
2
2
[( ( )) ]
( )
( )
E I E I
V I
E I
−=                                                                                  (1) 
The mean of image is the average pixel value which reflects the average brightness of the image. And 
relative variance of image characterizes the intensity change of image values , the greater relative 
variance is, the less smooth image will be. As describing same scene, the pixel in the coarser resolution 
image may contains information of multiple pixel which in the finer resolution image. In addition, these 
pixels are almost the same. Firstly, for each coarser resolution image pixel value which is denoted as 
' '
'
i j
I ,
there is an )()M-(M '' NN −×  corresponding region in the finer resolution image, which is denoted as 
''iS j , where:  ' ' ' ' ' ' ' ' ' ', 1, ..., ; , 1, ...,i jS i i i M M column j j j N N+ + − + + −：row： :                                    
So the correspondence between the pixel in the coarser resolution image and the region in the finer 
resolution image could be established. Secondly, for every pixel 
' '
'
i j
I  and the pixel klI in corresponding 
region ''iS j  , If ' '
'| | hresholdkli jI I T− ≤ , then they are related. Using mean square error as the evaluation 
function, the fusion of the two image pixel value is obtained as the solution of the following minimization 
problem:   
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where
ijF and ijI  represent the value of the fused image and the finer resolution image at (i,j)
respectively. The objective function in (2) is chosen in order to minimize the deviation of the finer 
resolution image and the fused image. 
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Let the mean and relative variance of the source image pixel values be denoted as [ ]E I , '[ ]E I , [ ]V I  and 
'[ ]V I  respectively. Also the local information of the two source images is represented as ' '
'
i j
I ,
' '
'
i j
S∑
respectively. The mean and relative variance of fused image is represented as E[F],V[F] respectively. 
The optimization problem is subject to the constraints, which states that the local mean of the fused 
image is a weighted summation of source image. 
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where in (3)
' 'i j
num is the number of the pixel value in region ' ''i jS .
'1/ v 、1 / v are the weight of low 
resolution image at (i',j') and the weight of the corresponding region in high resolution image respectively. 
So the problem of different resolution image fusion can be transformed into a constrained optimization 
problem: 
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  We use the method which is proposed in [3] to solve the constrained optimization problem. The main 
idea of method in [3] is utilizing the information of coarser resolution image to modify the finer 
resolution image. That is to say the fusion image matrix is equal to the finer image matrix subtracts from 
a correction matrix. i.e.  ij ij ijF I= −Δ   where ijI  and ijΔ  denote the values of high resolution image and 
correction matrix at (i,j). Owing to the assumption that each image pixel is mutually independent, the 
minimization problem with M N× independent variables defined in (4) can be decomposed 
in ' 'M N× independent minimization subproblems each with ' 'i jnum independent variables. We define the 
local objective function as: 
' '
'
' '
2( )
ij i j
ij iji j
I S
J F I
∈
= −∑                                                    (5) 
We label the subproblems with ' ' ' '1, 2,..., ; 1, 2,...,i M j N= = .The ' '( , )i j th subproblem is formulated as:                        
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Due to each subproblem is independent of the others， that is to say there are ' 'i jnum pixels 
corresponding to each pixel ' '
'
i j
I .The irrelevance of each subproblem provides the possibility for parallel 
processing. 
The problem defined in (6) is a quadratic minimization problem with equality and inequality 
constraints, which can be solved explicitly. In fact, it can be seen that the solution klF  of the problem 
defined in (6) can be expressed as a linear combination of the data klI  and klΔ , i.e.  
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where 1, 2,..., ; 1, 2,...,k M l N= = , ijΔ represents the difference between the mean of local finer 
resolution image mean of local coarser resolution image. 
So we have 
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As the problem is a nonlinear programming problem and the computation of solving nonlinear 
programming problem is very complex. But in our formula (8), the complexity of computation only 
increase linearly with the pixel. Thus the computational time is greatly reduced. 
For all the pixels in finer resolution image which do not correspond to any pixel in coarser resolution 
image, we call them outliers, which can be removed by a mean filter using 3×3 template . 
3. Experimental and results  
To test the validity of the proposed image fusion method, the different experiments are designed in this 
section. The performance of the image fusion method is evaluated by using five criteria including root 
mean square error (RMSE), peek-to-peek signal-to- noise ratio (PSNR), entropy (H), cross entropy 
(CERF) and structural similarity index (SSIM). The lower the RMSE and CERF are, the better is the 
image quality of the fused image, while the PSNR, H and SSIM are in the opposite situation [6,7].Usually,
different sensors may suffer different external influences. Here, we will respectively change reference 
image with different noise to illustrate the impact of the noise on the proposed method. Fig.1.(a) is the 
reference image;(b)is the finer image (size:256*256) (c) is the coarser image(size:200*200);(d) is the 
finer fused image.  
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Fig. 1. Fused image using our method (a) reference image; (b) finer resolution image; (c) coarser resolution image; (d) fused image 
Table 1. Performance of the fused image using our method 
metric indices Entropy CERF SSIM RMSE PSNR 
finer resolution image 7.2384 0.5721 0.0322 94.7214 8.6018 
Fused image 7.3152 0.4458 0.0408 92.7677 8.7829 
Intuitively, the fused image is better than the source image. As can be seen from Table 1 most 
evaluation criteria show that the quality of Fig.1 (d) are the best for the reason that RMSE and CERF 
have lowest values and SF and SIMM have highest values for Fig.1 (d). The H has similar values for 
fused image.  
4. Summary and conclusions 
In this paper, a method for fusing different resolution images of the same scene is proposed. The 
fusion of two images is obtained as the image which has the least mean square error from the source 
images, and is subject to the constraints imposed by the knowledge of the other source image of the same 
scene. Our improved method has wide applications because there is no constraint on the size of source 
images. All the evaluation criteria values are obtained by experiments show that our method exhibits 
satisfactory performance.
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